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Other Collaborators or Contacts 
Collaboration was conducted with Drs. Laurence Jacobs, Abdul-Hamid Zureick, Donald White, Kim Kurtis at CEE, Georgia Tech. 
Interdepartmental and interdisciplinary collaborations at Georgia Tech with Drs. Ashok Saxena, Erian Armanious, and George Kardomateas. 
Other major collaboration between myself and Drs. Robert Dodds, Jr., David Pecknold, and Jamshid Ghaboussi at the University of Illinois at 
Urbana Champaign, George Voyiadjis at LSU and Valeria La Saponara at University of Utah. 
Industry collaboration was also ongoing with Dr. Steve Englestand, a Technical Fellow at Lockheed Martin Marietta, GA. 
Activities and Findings 
Research and Education Activities: 
The major activities of this project can be summarized as: 
1) Applying and expanding a class of new 3D nonlinear micromechanical models for the analysis of thick-section thin laminated composites 
materials and structures with and without damage effects. 
2) Extensive experimental program was conducted to validate the nonlinear modeling behavior of laminated composites and thick-section 
multi-layered composites. Because of this effort, modifications to current ASTM mechanical standards were needed and new testing 
procedures for pultruded composites were investigated and applied. 
3) New combined experimental analytical program to characterize damage, fracture toughness, and crack growth was conducted. 
4) Finite element nonlinear and multi-scale material models were formulated for the nonlinear and time-dependent analysis of fiber reinforced 
polymeric (FRP) composites. 
5) Testing program for short-term viscoelastic behavior of E-Glass/Vinylester composites was performed and used to calibrate the in-situ 
behavior of the polymeric matrix both with variable stress levels and with time-dependent response. 
7) A new nonlinear multi-scale viscoelastic framework for FRP composites that can effectively couple micromechanical models while 
performing global analysis is formulated with special attention to applying new stress-update algorithms at all levels of the framework. 
8) New experimental fracture toughness and crack propagation testing was conducted in thick FRP composites. 
9) A coupled cohesive crack growth FE models with multi-scale constitutive models are used to predict the crack growth in thick-section 
composites. 
10) Structural models for bolted connections, lap joints, cylindrical shells, long composite columns, among others, were all modeled with the 
new multi-scale composite models. 
11) A new infrared (IR) thermal stress analysis setup was built and applied to measure damage in metallic and composites materials. 
Some of the highlights of the education activities of this project included: 
1) Initiate new curriculum development as part of the advanced composite mechanics and structural analysis courses that is offered yearly at 
Georgia-Tech. I have been teaching a cross-listed inter-disciplinary course for the last 7 years and it is shared by several schools: AE, ME, 
CEE, and MSE. 
2) Active involvement with the Composites Education and Research Center (CERC) at Georgia Tech during the project which included 
undergraduate and graduate curriculum development and offers a professional certificate in composites for both undergraduate and graduate 
students. 
3) This project allowed offering a research experience for several undergraduate students. Undergraduate students joined my research group 
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4) Build a computational cluster composed of several Unix-based workstations connected with personal computers for parallel and serial 
computer simulation of matrial and structural behavior. 
5) Encouraging students from underrepresented groups was on of the most rewarding experience during this project. I am please to say that 
two formal students, Dr. David Dokun, an African-American, and Dr. Anastasia Muliana, an Asian-female, have been directly supported from 
this NSF award. They both encouraged other students to follow their footsteps. Dr. Muliana has recently accepted a faculty position at Texas 
A&M. 
Findings: 
Major finding include: 
1) Experimental results were successfully conducted to verify and confirm the ability of the proposed 3D multi-scale material models to predict 
the nonlinear, time-dependent, and damage response of thick and thin multi-layered FRP composites. 
2) New numerical constitutive models were first introduced for viscoelastic behavior, nonlinear and damaged response and crack growth. 
3) Nonlinear Artificial Neural Network (ANN) were first introduced and used to simulate the microstructral responses. 
4) The proposed micromechanical-modeling framework can be effectively integrated in a finite element codes for nonlinear analysis and 
simulation of structural components with relatively small computational premium. 
5) Testing program for short-term viscoelastic behavior of E-Glass/Vinylester composites was successful. The proposed constitutive models 
have successfully extended to nonlinear viscoelastic models for the matrix phase. Calibration and prediction of the modeling approach are in 
good agreement with the tested results. Theoretical and effective numerical algorithms were developed and implementations for nonlinear 
viscoelasticity and can be used also for modeling the anisotropic and classical isotropic viscoelastic behavior of polymers. 
6) Cohesive models were generated for fracture in Mode-I and Mode-II (trans-layer modes) in thick-section layered composites. These have 
shown good prediction compared to the experimental data. 
7) Testing procedure for fracture toughness was examined. 
8) A new quantitative infrared (IR) thermal stress analysis (TSA) method was developed and examined on multi-layered orthotropic medium. 
Infrared measurements were used to extract the sum of the direct strains on the composite surface and correlate it with FE models. 
Training and Development: 
The project has directly helped train and graduate: 
1) Dr Olajide Dokun (Co-Advised with Dr. Larry Jacobs). 
2) Dr. HakanKilic 
3) Dr. Anastasia Muliana 
4) Dr. Rani El-Hajjar 
These students, with others, formed a superb research group that still affects other graduate students here at Tech. Other students that benefited 
from the research, equipment and testing activity and were part of the group during the project: 
1) Ahmet Citipitioglu, PhD student 
2) Doug Miller, MS student 
3) Ji-Yon Kim, MS student 
Undergraduate students were always a part of my research group. They benefited from the research, equipment and testing, and the general 
activity during the project: 
1) Kevin Stewart 
2) Akshay Sthapit 
3) Shane Johnson 
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Other training development included: 
1) Organizing three symposia as part of ASCE-EM conferences and joint ASCE/ASME conference directly related to the ongoing research. 
2) Organizing two different workshops at Georgia Tech related to the research project 
3) Shared research finding with industrial collaborators from Lockheed Martin in Marietta Georgia. 
4) Advising ASCE students on building with composite materials 
Outreach Activities: 
I was/am working with a Composite Education and Research Center (CERC) at Georgia-Tech. A major goal of this center is to increase the 
students' understanding of composite materials in engineering. The activity is not limited to research and emphasis is placed on curriculum 
development in composite materials as well. Certificate programs are offered for both undergraduate and graduate students in the area of 
composites. 
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Other Specific Products 
Contributions 
Contributions within Discipline: 
Major finding include: 
1) Experimental results were successfully conducted to verify and confirm the ability of the proposed 3D multi-scale material models to predict 
the nonlinear, time-dependent, and damage response of thick and thin multi-layered FRP composites. 
2) New numerical constitutive models were first introduced for viscoelastic behavior, nonlinear and damaged response and crack growth. 
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3) Nonlinear Artificial Neural Network (ANN) were first introduced and used to simulate the microstructral responses. 
4) The proposed micromechanical-modeling framework can be effectively integrated in a finite element codes for nonlinear analysis and 
simulation of structural components with relatively small computational premium. 
5) Testing program for short-term viscoelastic behavior of E-Glass/Vinylester composites was successful. The proposed constitutive models 
have successfully extended to nonlinear viscoelastic models for the matrix phase. Calibration and prediction of the modeling approach are in 
good agreement with the tested results. Theoretical and effective numerical algorithms were developed and implementations for nonlinear 
viscoelasticity and can be used also for modeling the anisotropic and classical isotropic viscoelastic behavior of polymers. 
6) Cohesive models were generated for fracture in Mode-I and Mode-II (trans-layer modes) in thick-section layered composites. These have 
shown good prediction compared to the experimental data. 
7) Testing procedure for fracture toughness was examined. 
8) A new quantitative infrared (IR) thermal stress analysis (TSA) method was developed and examined on multi-layered orthotropic medium. 
Infrared measurements were used to extract the sum of the direct strains on the composite surface and correlate it with FE models. 
Contributions to Other Disciplines: 
New Artificial Neural Networks (ANN) material models were proposed for simulation of material response by training from numerical 
micromechanical models. 
Contributions to Human Resource Development: 
Encouraging students from underrepresented groups was on of the most rewarding experience during this project. I am please to say that two 
formal students, Dr. David Dokun, an African-American, and Dr. Anastasia Muliana, an Asian-female, have been directly supported from this 
NSF award. They both encouraged other students to follow their footsteps. Dr. Muliana has recently accepted a faculty position at Texas 
A&M. 
Contributions to Resources for Research and Education: 
New equipment have been purchased to enhance the current capabilities 
for both the computational and experimental aspects. 
A new lab has been established using this NSF and other funding 
that will help validate the proposed micromechanical and structural 
models (modeling) approaches. 
Contributions Beyond Science and Engineering: 
Industry collaboration was conducted during the NSF research project. New and modified testing methods have been found. One outcome of 
this research is a proposal to ASTM to modify the ASTM-1922 toughness standard to be more applicable to thick-section composites 
manufactured by the pultrusion process 
Categories for which nothing is reported: 
Organizational Partners 
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